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Thoracic outlet syndrome (TOS) refers to a collection of clinical
syndromes caused by various anatomic anomalies of the anterior
and medial scalenus and the ﬁrst rib, resulting in compression of
the brachial plexus or subclavian arteries and veins. Clinical
manifestations vary and, currently, there is no laboratory
examination available to make a deﬁnitive diagnosis.
Malunion of a midshaft clavicle fracture can cause narrowing of
the thoracic outlet, with resultant compression of the brachial
plexus and/or subclavian nerves and vessels; however, TOS caused
by malunion of a clavicular fracture is rarely reported in the
literature.6,11 This paper describes the diagnosis and treatment of a
case of TOS caused by themalunion of a fracture of themiddle third
of the clavicle.
2. Case report
A 57-year-old woman was hospitalised 5 months after
receiving conservative treatment for a fracture of the left clavicle.
The original injury had occurred after the patient had accidentally
fallen off her bicycle, directly hitting her left shoulder on the
ground. The fall left herwith left shoulder pain and limited range of
motion. At the local hospital, an X-ray showed a fracture of the
middle third of the left clavicle. A ﬁgure-eight bandage ﬁxationwas
applied at the emergency room (Fig. 1).
The patient then revisited the outpatient department of our
hospital 5 months after the injury, with a complaint of pain in the
left shoulder and left forearm, and sleep disruption due to pain.
Pain was intensiﬁed with movement, and the range of motion of
the left shoulder was limited. Physical examination showed
shoulder asymmetry with a non-tender prominence at the site
of the left clavicle fracture; left upper limb anteﬂexion angle <808
and abduction angle <508. The Constant score was 55 and the
DASH score was 31.5. The X-ray showed malunion of the left* Corresponding author. Tel.: +86 21 64856083; fax: +86 21 64856083.
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performed to assess the width of the costoclavicular space. The
bilateral tangential radiographs showed narrowing of the left
costoclavicular space (Fig. 2).
EMG was performed and showed damage to the left brachial
plexus.
Three-dimensional CT reconstruction of the left shoulder and
angiographywere performed to assess themalunion of the fracture
and to learn whether the subclavian vessels were compressed or
damaged. However, no obvious vascular compression or damage
was seen.
These studies, in light of the clinical history, established the
diagnosis of malunion of a midshaft clavicular fracture and
resultant thoracic outlet syndrome.
2.1. Treatment
Left clavicle osteotomy and plate ﬁxation were performed as
follows: the patient received brachial plexus block and cervical
plexus block anaesthesia, and was placed in the beach-chair
position. A long, curved incision was made at the upper edge of
the original fracture and the skin ﬂap was pulled open.
Precautions were taken to protect the branches of the supracla-
vicular nerves, and the healing site of the original fracture was
exposed. Malunion of the original fracture and an osteophyte
were observed (Fig. 3). A bone chisel was used to separate
the bone along the original fracture line, and the bone marrow
cavity was exposed. The external bone callus was removed
completely and the fracture was reduced. An 8-hole reconstruc-
tion plate was selected, and was placed at the antero-superior
portion of the clavicle fracture line. Screws of appropriate lengths
were selected for the ﬁxation. Once a satisfactory position was
demonstrated by C-arm ﬂuoroscopy, the ﬁeld was rinsed, the
incision sutured, and negative pressure drainage was positioned
accordingly.
2.2. Postoperative treatment
The affected limb was suspended with a forearm sling, and a
2-week program of passive range of motion functional training
without shoulder joint load was initiated immediately. Func-
tional shoulder training was carried out at the rehabilitation
department for 4 weeks after surgery. The range of shoulder
abduction was increased gradually from the initial session of
therapy.
Fig. 1. 57-year-old female patient—left clavicle midshaft fracture.
Fig. 2. The bilateral tangential radiograph showed a narrowed left costoclavicular
space.
Fig. 4. Postoperative tangential position X-ray.
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Postoperative radiography: the bilateral tangential radiograph
showed costoclavicular spaces of 20.57 mm and 20.79 mm,
respectively. The width of the left costoclavicular space was
restored to normal (Fig. 4). The pain in the left shoulder and
forearm was resolved by 1 month after surgery, and sleep was
restored to normal. The fracture had healed by the time of the
follow-up visit 4 months after surgery.Fig. 3. Malunion of the midshaft clavicle fracturAt the 1-year follow-up, the shoulder symptoms had dis-
appeared completely. Anteﬂexion of the left upper limb was 1358,
and abduction was 958. The Constant score of the shoulder was 85
and the DASH score was 3.0.
3. Discussion
3.1. Anatomy of the thoracic outlet
The thoracic outlet, located at the base of the neck, is a narrow
passageway through which large vessels and nerves course to the
axilla. It is bounded by the clavicle and the ﬁrst rib, where
subclavian vessels and the brachial plexus lie deep within the
clavicle. The upper opening of the thorax is in the plane of the ﬁrst
rib. Its lateral boundary is the ﬁrst rib, the posterior boundary is the
ﬁrst thoracic vertebra, and the anterior border is the clavicle, which
articulates with the manubrium. At the medial edge lie the trachea
and oesophagus. The plane of the thoracic outlet is tilted
anteroinferiorly (higher back and lower front). Three locations
are especially vulnerable to compression: the anterior and middle
scalenus space stricture: the scalenus anterior originates at the
anterior tubercles of the transverse processes of C3-6, and travels
anteroinferiorly to the upper, inner, posterior edge of the ﬁrst rib.
The scalenus medius originates at the posterior tubercles of
transverse processes of all cervical vertebrae, and travels inferiorly
to the outer and inferior part of the subclavian artery notch of the
ﬁrst rib. The brachial plexus and the subclavian artery travel
between the scalenus anterior and scalenus medius in the scalene
hiatus, constriction of which can result in compression of nerves
and/or vessels.e and osteophyte observed during surgery.
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process: when the arm is abducted, the vessels and nerves may be
entrapped by the coracoid process and be forced upwards. At the
same time, the pectoralis minor muscle contracts, squeezing the
nerves and blood vessels under the tendons, thus causing
symptoms of TOS.
3.2. Diagnosis of TOS
The clinical manifestations of TOS: at present, the diagnosis
relies mainly on the clinical symptoms7; however, provocative
maneuvers for eliciting symptoms constitute the most useful
method for early diagnosis. The skin pain threshold test and the
two-point discrimination test are used for the diagnosis of patients
in intermediate and advanced stages.8 Adson’s maneuver and
Halsted’s maneuver diagnose TOS by the effects of the maneuvers
(involving arm and neck position) on the radial pulse, but the
reliability of these tests is limited by high rates of false positive and
false negative results. Provocation of symptoms often employs the
Roos test, in which the arm is abducted 908 in external rotation
with the elbow ﬂexed 908. This position is maintained for 3 min,
with repetitive opening and closing of the hand. Thompson and
Jannsen12 reported that this test was positive in 92 percent of
patients with TOS subsequently conﬁrmed by surgery, but only 62
percent of patients with TOS had diminution of the radial pulse.
Currently, there is no effective laboratory diagnostic test for
TOS. Somatosensory evoked potential is a sensitive method, and
the sensitivity can be improved through the determination of the
somatosensory evoked potential in speciﬁc positions. Imaging (CT
and X-ray) can help identify anatomical abnormalities such as an
excessively long C7 transverse process. Some researchers have
found that 85% of TOS patients have anatomic abnormalities
detectable with these imaging techniques. The diagnosis of this
case was established on the basis of clinical symptoms and
diagnostic studies. The clinical symptoms of the patient were
highly suggestive, with pain in the left shoulder and left forearm,
and sleep disturbance. Pain was intensiﬁed with movement of the
upper limb. The tangential radiograph of the clavicle demonstrated
that the left costoclavicular space was narrowed; therefore,
compression of the subclavian vessels and nerves was suspected.
Three-dimensional CT reconstruction of the left shoulder did not
show any obvious vascular compression, so the possibility of the
subclavian vascular compression was excluded. However, EMG
suggested left brachial plexus injury, thus establishing the
diagnosis of brachial plexus compression.
3.3. Clavicular fracture and TOS
The mechanisms of TOS caused by the common condition of
clavicle fracture include: early compression by subclavian
hematoma; hyperplastic bone callus; and scapular instability
caused by clavicular nonunion. When the shoulder is abducted or
lifted, the costoclavicular space narrows and compresses the
subclavian vessels or nerves, which is a common cause of TOS.
Malunion of a midshaft clavicle fracture is common, but it seldom
causes TOS.2,10 Theoretically, if there is malunion of a midshaft
clavicle fracture, the distal end of the clavicle may rotate
anteroinferiorly, resulting in clavicular shortening and stricture
of the costoclavicular space, thus compressing the subclavian
vessels or nerves, and causing TOS. Connolly and Dehne1 followed
15 patients with clavicular nonunion, seven of whom were
diagnosed with TOS. Jupiter and Leffert3 reported 23 cases ofnonunion, four of whomwere diagnosedwith TOS. Rowe9 reported
that vessel and nerve compression symptoms in two patients were
caused by hyperplasia of the bone callus after clavicular fracture.
Mulder et al.5 reported one case of TOS caused by malunion of a
midshaft clavicle fracture. Currently, there is no other published
report detailing midshaft clavicular fracture and resultant thoracic
outlet syndrome.
3.4. TOS treatment
Conservative treatment is usually preferable for TOS. The
symptoms in approximately 60% of the patients can be completely
alleviated, and the discomfort in the cervical and scapular regions
can be alleviated in 90% of patients. The mainstay of conservative
treatment is physical exercise, whose main objective is to restore
muscle balance in the cervical and scapular regions, that is, to
restore normal muscle length, scope of activity, and strength.
When the symptoms seriously affect the work and life of the
patient, and conservative treatment has had no signiﬁcant effect,
surgical treatment must be considered.
Surgical treatment for TOS includes resection of the scalenus
anterior, resection of the ﬁrst rib, or partial or total resection of the
clavicle in order to alleviate compression of the affected vessels
and/or nerves. Rowe9 observed that removal of hyperplastic bone
callus relieved the symptoms of TOS. Because partial or total
resection of the clavicle may cause instability of the scapula, the
currently favoured surgical procedure for clavicular malunion
causing TOS symptoms is resection of the hyperplastic part of the
clavicle to relieve the compression of the injured vessels and/or
nerves. Our patient presented with malunion of the left clavicle,
and external bone callus. Surgery was performed to realign the
fractured clavicle and remove the external bone callus. At 1-year
follow-up, her shoulder and forearm were free of symptoms, and
she had full range of motion and normal use of her shoulder.
The traditional view that the vast majority of clavicular
fractures heal with good functional outcomes following non-
operative treatment is no longer valid.4 All displaced fractures that
are treated nonoperatively heal with some degree of malunion due
to angulation or shortening. TOS can be caused by chronic
malunion associated with hyperplastic bone callus. Corrective
osteotomy and plate ﬁxation can improve function in patients in
whom symptomatic malunion has produced neurovascular
compression.
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